FUEL CELL SYSTEM 



10 



CROSS REFERENCE TO RELATED APPLICATIONS 

. This application is based upon and claims the benefit 
of priority from the prior Japanese Patent Applications No. 
P2002-288061, P2002-288066 , P2002-288069 filed on September 
30 , 2002 ; the entire contents of which are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 



1 . Field of the Invention 

The present invention relates to a fuel cell system, 
15 more particularly, to a fuel cell system using a proton 
exchange membrane fuel cell (PEMFC) . 

2 . Description of the Related Art 

Fuel cells are classified into a polymer electrolyte 
20 fuel cell , a phosphoric-acid fuel cell , an alkaline fuel. cell , 
a molten carbonate fuel cell, a solid oxide fuel cell and the 
like, depending on the kinds of electrolytes to be used. As 
to hydrogen to be supplied to the fuel cell, fuel such as 
natural gas, propane gas and methanol, are supplied after 
25 being converted into hydrogen rich gas by a reformer. 
Meanwhile, air supplied to the reformer for generating the 



hydrogen rich gas and to the fuel cell is directly supplied 
by use of a compressor and the like. 

In such a fuel cell system, a pump for supplying to a 
cell unit with air and fuels is required. However, since the 
5 capacity of the pump used in the fuel system is large, the 
system may be enlarged . Furthermore , a motor in the pump may 

generate loud noises. 

The present invention was made for solving the 
foregoing problems. An object of the present invention is 
10 to provide a fuel cell system with a small and simple structure 
without a pump for supplying fuel and/or air to the reformer 
and/or the cell unit. 

SUMMARY OF THE INVENTION 

15 An aspect of the present invention inheres in a fuel 

cell system encompassing a fuel tank configured to store a 
fuel at a pressure higher than atmospheric pressure; a 
vaporizer configured to vaporize the fuel; a reformer 
configured to reform the vaporized fuel into a hydrogen rich 

20 gas; a CO gas removal apparatus configured to remove CO gas 
in the hydrogen rich gas; and a cell unit configured to 
generate electricity by allowing the hydrogen rich gas to 

react with oxygen. 

Another aspect of the present invention inheres in a 
25 fuel cell system encompassing a fuel tank configured to store 
a fuel at a pressure higher than atmospheric pressure; a 



reformer configured to reform the fuel into a hydrogen rich 
gas; a water tank configured to store water to be supplied 
to the reformer, being coupled to the fuel tank; a vaporizer 
configured to vaporize the water in the water tank; a CO gas 
5 removal apparatus configured to remove CO gas in the hydrogen 
rich gas; and a cell unit configured to generate electricity 
by allowing the hydrogen rich gas to react with oxygen. 

BRIEF DESCRIPTION OF DRAWINGS 
10 Fig. 1 is a block diagram showing an example of a fuel 

cell system according to a first embodiment of the present 
invention. 

Fig. 2 is a block diagram showing a first modification 
of the first embodiment of the present invention. 
15 F ig. 3 is a schematic drawing showing an example of the 

arrangement shown in Fig. 2. 

Fig. 4 is a block diagram showing a second modification 
of the first embodiment of the present invention. 

Fig. 5 is a block diagram showing an example of a fuel 
20 cell system according to a second embodiment of the present 
invention . 

Fig. 6 is a block diagram showing a first modification 
of the second embodiment of the present invention. 

Fig. 7 is a block diagram showing a second modification 
25 of the second embodiment of the present invention. 

Fig. 8 is a block diagram showing a third modification 



of the second embodiment of the present invention. 

Fig. 9 is a block diagram showing an example of a first 
modification of the first oxygen supply unit shown in Fig. 8. 

Fig . 10 is a block diagram showing a second modification 
of an oxygen supply unit shown in Fig. 8. 

Fig. 11 is a block diagram showing a third modification 
of a first oxygen supply unit shown in Fig. 8. 

Fig. 12 is a block diagram showing a modification of - 
a variable conductance valve shown in Fig. 11. 

Fig 13 is a block diagram showing an example of applying 
the first oxygen supply unit shown in Fig. 8 to Fig. 1. 

DETAILED DESCRIPTION OF THE INVENTION 
Various embodiments of the present invention will be 
described with reference to the accompanying drawings. It 
is to be noted that the same or similar reference numerals 
are applied to the same or similar parts and elements 
throughout the drawings, and description of the same or 
similar parts and elements will be omitted or simplified. 
However, it will be obvious to those skilled in the art that 
the present invention may be practiced without such specific 
details . 

(FIRST EMBODIMENT) 

As shown in Fig. 1, a fuel cell system 101 according 
to a first embodiment of the present invention includes a fuel 



tank 11 configured to store a fuel at a pressure higher than 
atmospheric pressure, a vaporizer 12 configured to vaporize 
the fuel, a reformer 13 configured to reform the vaporized 
fuel into hydrogen rich gas, a CO gas removal apparatus 14 
5 configured to remove CO gas included in the hydrogen rich gas , 
and a cell unit 15 configured to generates electricity by 
allowing the hydrogen rich gas to react with oxygen . The cell 
unit 15 includes a fuel electrode 15a which introduces the 
hydrogen rich gas supplied from the reformer 13, an air 
10 electrode 15c which introduces the oxygen supplied from the 
pump 18, and a polymer film 15b interposed between the fuel 
electrode 15a and the air electrode 15c. ' The fuel electrode 
15a includes an anode flow channel, an anode gas diffusion 
layer, and an anode catalytic layer. The air electrode 15c 
15 includes a cathode flow channel , a cathode gas diffusion layer, 
and a cathode catalytic layer. 

A downstream side of the fuel tank 11, a variable 
conductance valve 20 which can adjust conductance is coupled 
via a pipe 30. The variable conductance valve 20 is coupled 
20 to the vaporizer 12 via a pipe 31, and the reformer 13 is 
coupled to an exit side of the vaporizer 12 via a pipe 32. 
To an exit side of the reformer 13 , the CO gas removal apparatus 
14 is coupled via a pipe 33. To an exit side of the CO gas 
removal apparatus 14, the fuel electrode 15a is coupled via 
25 a pipe 34. A variable conductance valve 21 is coupled to 
another exit side of the CO gas removal apparatus 14 via a 
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pipe 35, and a pipe 36 is coupled to a downstream side of the 
variable conductance valve 21. To an exit side of the fuel 
electrode 15a, a pipe 37 is coupled. The pipe 37 is coupled 
to a combustor 16 which combusts exhaust gas in the fuel 
5 electrode 15a. A downstream side of the pipe 36 is coupled 
to the combustor 16 via this pipe 37. An exit side of the 
combustor 16 is coupled to a pipe 38 coupled to a heat exchanger 
17 via a pipe 46. Gas discharged from the combustor 16 is 
introduced into the heat exchanger 17 via the pipes 38 and 
10 46 and discharged to the outside. 

A pipe 39 is coupled to an entry side of the air electrode 
15c. A flow control valve 22 is coupled to an upstream side 
of the pipe 39, and a pipe 40 is coupled to an upstream side 
of the flow control valve 22. An upstream side of the pipe 
15 40 is coupled to a pipe 41 , and the heat exchanger 17 is coupled 
to an upstream side of this pipe 41 . To an upstream side of 
the heat exchanger 17, the pump 18 for air suction is coupled 
via a pipe 42. Furthermore, the pipe 41 is coupled to a pipe 
43 which branches off from a spot, to which the pipe 40 is 
20 coupled, toward its downstream side. A flow control valve 
23 is coupled to the downstream side of the pipe 43, and a 
pipe 43 coupled to the pipe 37 is located in a downstream side 
of the flow control valve 23. Meanwhile, to an exit side of 
the air electrode 15c, a pipe 44 is coupled. To this pipe 
25 44, a pipe 45 and the pipe 46 are coupled. A flow control 
valve 24 is coupled to a downstream side of the pipe 45, and 
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a second pump 19 is coupled to the flow control valve 24 via 
a pipe 47. A pipe 48 coupled to the pipe 39 is coupled to 
a downstream side of the second pump 19. Meanwhile, a 
downstream side of the pipe 46 is coupled to the heat exchanger 
17. The heat exchanger 17 is further coupled to a cistern 
9 via a pipe 49, and a downstream side of the cistern 9 is 
coupled to the polymer film 15b via a pipe 50. 

In the fuel tank 11, a fuel for supplying hydrogen to 
the cell unit 15 is stored. For the fuel, for example, a 
solution obtained by mixing dimethyl ether (DME) and water 
at a mole ratio of 1:6 and the like is agreeable. Instead 
of dimethyl ether, a mixed solution of diethyl ether and water 
may be used. The fuel is stored in the fuel tank 11 at a 
pressure higher than atmospheric pressure. As is well known, 
15 a saturated vapor pressure of DME at room temperature (25°C) 
is about 6 atm, which is higher than atmospheric pressure. 
Thus, when the mixed solution of DME and water is stored as 
the fuel in the fuel tank 11 at room temperature, a saturated 
vapor pressure of about 4 atm may be maintained in the fuel 
20 tank 11 . 

The vaporizer 12 is a device which vaporizes liquid in 
the fuel by heating. The vaporizer 12 is heated, for example, 
by a heat source from the outside and the like from about 150°C 
to 250°C. Moreover, the vaporizer 12 is pressurized to a 
25 pressure higher than atmospheric pressure by the saturated 
vapor pressure acting in the fuel tank 11. The fuel 



containing liquid such as water is vaporized by being heated 
by the vaporizer 12 and become gas fuel with a certain 
composition . 

The reformer 13 is a device configured to allow the fuel 
vaporized in the vaporizer 12 to react with water vapor, and 
reforms the fuel to hydrogen rich gas. The inside of the 
reformer 13 is heated from about 300°C to 400°C, desirably 
to about 350°C. Inside of the reformer 13 may be pressurized 
to a pressure higher than atmospheric pressure by the 
saturated vapor pressure acting in the fuel tank 11. In this 
reformer 13, catalysts carrying alumina (Al 2 0 3 ) and rhodium 
(Rh) are filled as reforming catalysts. In the reformer 13 
shown in Fig. 1, for example, as the following reaction 
proceeds, a hydrogen rich gas, in which some amount of CO is 
contained, is generated from the fuel. 

CH3OCH3 + 3H2O -> 2C0 2 +6H 2 ... (1) 

The CO gas removal apparatus 14 is an apparatus which 
selectively removes carbon monoxide (CO) gas from the 
hydrogen rich gas generated in the reformer 13. A 
semipermeable membrane, which selectively filters out 
approximately only hydrogen, is located inside of the CO gas 
removal apparatus 14. As the semipermeable membrane, for 
example, silica containing semipermeable membrane may be 
agreeable. The silica containing semipermeable membrane is 
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obtained by depositing a silica film having a thickness of 
about 0.2 Mm on a deposited J -A1 2 0 3 film having a thickness 
of about 0.6/itn on an a -Al 2 0 3 board having a thickness of about 
350 Mm. in such a manner, when the semipermeable membrane 
is housed in the CO gas removal apparatus 14, the internal 
temperature thereof may be maintained at about 250 ° C to 350 ° C . 
The CO gas removal apparatus 14 is maintained at a pressure 
higher than atmospheric pressure by the saturated vapor 
pressure acting in the fuel tank 11 and the backing pressure 
regulating valve 21. For example, a pressure inside the 
reformer 13 may be regulated by the backing pressure 
regulating valve 21 so as to be about 3 atm. 

As the cell unit 15 including the fuel electrode 15a, 
the polymer film 15b and the air electrode 15c, a PEMFC is 
agreeable. In the cell unit 15, the fuel electrode 15a 
dissociates the hydrogen rich gas supplied from the CO gas 
removal apparatus 14 to hydrogen ions and electrons. The 
dissociated hydrogen ions pass through the proton exchange 
polymer film 15b and move to the air electrode 15c. 
Consequently, in the air electrode 15c, the hydrogen ions and 
electrons pass an outside circuit react with oxygen supplied 
through the pipe 39 and generate water. At that time, 
electricity is generated. 

The combustor 16 is a device which catalytically 
combusts the exhaust gas which contains such as hydrogen 
supplied from the fuel electrode 15a , and both CO and hydrogen 



gases which have not passed the semipermeable membrane in the 
CO gas removal apparatus 14. In the combustor 16, catalysts 
such as Pt are filled. The combustor 16 is heated from about 
300°C to 400°C. Heat generated in the combustor 16 is 
5 transferred to the vaporizer 12, the reformer 13 and the CO 
gas removal apparatus 14 and is utilized for vaporization 
energy of the fuel, reaction energy for reforming and heating 
energy for of the semipermeable membrane. Combustion gas 
discharged from the combustor 16 is introduced to the heat 
10 exchanger 17 via the pipe 38 and the pipe 46 and condensed 
to water. 

Next, with reference to Fig. 1, description will be 
given of a method for using the fuel cell system according 
to the first embodiment of the present invention. 

15 First, while properly regulating conduction, the 

variable conductance valve 20 is opened. When the variable 
conductance valve 20 is opened, liquid fuel is actively 
supplied to the vaporizer 12 by the saturated vapor pressure 
acting in the fuel tank 11. Next, the liquid fuel is heated 

20 and vaporized in the vaporizer 12. The vaporized fuel is 
introduced into the reformer 13 via the pipe 32 at the exit 
side of the vaporizer 12. 

Next, the reformer 13 reforms the vaporized fuel to 
hydrogen rich gas. For example, in the case of using a mixed 

25 solution of dimethyl ether and water as the fuel , the reaction 

of the equation (1) proceeds in the presence of reforming 
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catalysts in the reformer 13, and the hydrogen rich gas, in 
which some amount of CO is contained, is generated. The 
generated hydrogen rich gas is supplied to the CO gas removal 
apparatus 14 via the pipe 33 at the exit side of the reformer 
5 13. 

Next, the CO gas removal apparatus 14 allows the 
hydrogen rich gas to contact a semipermeable membrane. 
Hydrogen in the hydrogen rich gas is selectively filtered by 
the semipermeable membrane and is supplied to the fuel 

10 electrode 15a as needed via the pipe 34. Meanwhile, gas such 
as CO, CO2 , H 2 and H 2 0 which have not passed through the 
semipermeable membrane are supplied into the pipe 36 through 
the backing pressure regulating valve 21. 

Next, the cell unit 15 generates electricity by 

15 allowing the hydrogen supplied to the fuel electrode 15a so 
as to react with the oxygen supplied to the air electrode 15c. 
The oxygen is supplied to the air electrode 15c by feeding 
air from the pump 18 from the pipe 42 via the heat exchanger 
17, the pipes 41 and 40, the conductance control valve 22, 

20 and the pipe 39. A part of the gas discharged from the air 
electrode 15c is introduced into the pipe 45 from the pipe 
44, introduced into the second pump 19 via the conductance 
control valve 24 and the pipe 47 and supplied to the air 
electrode 15c again via the pipe 39 from the second pump 19. 

25 Meanwhile, the gas which has not been circulated in the air 
electrode 15c is introduced into the heat exchanger 17 via 



the pipe 46 from the pipe 44 and stored in the cistern 9 after 
being condensed by the heat exchanger 17. Water stored in 
the cistern 9 is supplied to the polymer film 15b via the pipe 
50. Meanwhile, the hydrogen gas discharged from the fuel 
electrode 15a is fed to the pipe 37. 

Next, in the pipe 37, surplus hydrogen gas discharged 
from the fuel electrode 15a, and the gas which has not passed 
through the semipermeable membrane in the CO gas removal 
apparatus 14 is mixed with the air supplied from the pump 18 
via the pipe 42, the heat exchanger 17, the pipes 41 and 43, 
the flow control valve 23 and the pipe 43A. Thereafter, the 
mixture is supplied to the combustor 16 . The surplus hydrogen 
gas and the gas which has not passed through the semipermeable 
membrane are burned catalytically in the combustor 16. In 
this event, the heat generated in the combustor 16 is 
transferred to the vaporizer 12, the reformer 13 and the CO 
gas removal apparatus 14 and is utilized for vaporization 
energy of fuel, reaction energy for reforming and heating 
energy for the semipermeable membrane. Subsequently, the 
combustion gas discharged from the combustor 16 is introduced 
into the pipe 46 via the pipe 38 and introduced into the heat 
exchanger 17 from the pipe 46 . The introduced combustion gas 
is cooled by the heat exchanger 17. Water generated in the 
heat exchanger 17 is stored in the cistern 9 via the pipe 49 
and supplied to the polymer film 15b via the pipe 50. 

As described above, the fuel cell system shown in Fig. 
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1 can be utilized. In the fuel cell system 101 according to 
the first embodiment of the present invention, the saturated 
vapor pressure of the fuel in the fuel tank 11 acts on the 
vaporizer 12, the reformer 13, the CO gas removal apparatus 
14 and the fuel cell unit 15, respectively. Thus, a pump to 
supply fuel can be omitted and therefore power that would be 
required for a pump is not necessary. At the same time, the 
whole fuel cell system 101 can be miniaturized and simplified. 
Moreover, in the fuel cell system 101 shown in Fig. 1, the 
liquid fuel enclosed in the fuel tank 11 is vaporized by the 
vaporizer 12, and thereafter, introduced into the reformer 
13. Thus, the gas with a certain composition can be stably 
supplied to the reformer 13, and the fuel can be stably 
reformed in the reformer 13. The upstream side of the 
semipermeable membrane is maintained at a pressure higher 
than atmospheric pressure by the backing pressure regulating 
valve 21, and thus, it is possible to promote hydrogen 
penetration speed per semipermeable membrane unit than the 
case of processing hydrogen under atmospheric pressure. 
Part of the gas containing vapor discharged from the air 
electrode 15c is supplied to the air electrode 15c again, and 
water generated by the power generation reaction can be used 
for moisturizing the polymer film 15b. Meanwhile, a part of 
the water accompanied by the gas which has not introduced to 
the air electrode 15c is also supplied to the polymer film 
15b after being condensed to water by the heat exchanger 17 
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via the cistern 9 and the pipe 50 . Thus , a moisture retention 
property of the polymer film 15b can be maintained in a 
suitable condition. Furthermore, when the fuel tank 11 is 
heated, the saturated vapor pressure of the fuel is increased. 
5 Thus, the ability to feed the fuel into the vaporizer 12 would 
be enhanced and the reformer 13 and CO gas removal apparatus 
14 would be pressurized further. 

(FIST MODIFICATION OF THE FIRST EMBODIMENT) 

10 As shown in Fig. 2, in a fuel cell system 102 according 

to a first modification of the first embodiment of the present 
invention, a conductance control valve 25 is interposed 
between the variable conductance valve 20 and the vaporizer 
12. Moreover, a conductance control valve 26 is interposed 

15 between the CO gas removal apparatus 14 and the fuel cell unit 
15. The conductance control valve 25 is coupled to a pipe 
31A having its upstream side coupled to the pipe 31 and its 
downstream side coupled to the vaporizer 12 . The conductance 
control valve 26 is coupled to a pipe 34A having its upstream 

20 side coupled to the pipe 34 and its downstream side coupled 
to the fuel electrode 15a. Points other than the above are 
approximately the same as those of the constitution shown in 
Fig. 1, and thus, description will be omitted. 

The CO gas removal apparatus 14 shown in Fig. 2 houses 

25 a CO removal catalyst including a shift catalyst and a 
selective methanation catalyst to convert CO gas into the 



other gas such as C0 2 , H 2 , and methane. The shift catalyst 
converts CO into C0 2 and H 2 by reacting CO gas with vapor in 
the hydrogen rich gas. The selective methanation catalyst 
converts CO into methane by reacting CO gas with H 2 in the 
5 hydrogen rich gas. For the shift catalyst containing Cu-Zn 
and the like can be agreeable . For the selective methanation 
catalyst containing Ru and the like can be agreeable. In 
these cases, inside of the CO gas removal apparatus 14 is 
heated from about 200°C to 300°C, desirably to about 250°C. 
10 m the CO gas removal apparatus 14, for example, in the 
presence of the catalyst such as Cu-Zn, the following reaction 
proceeds, 
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CO+H 2 0 -* C0 2 +H 2 - (2) 

and, in the presence of the catalyst such as Ru , the following 
reaction proceeds . 

C0+H 2 ~* CH 4 +H 2 0 ... (3) 



As a result, CO contained in the hydrogen rich gas is removed. 
The inside of the CO gas removal apparatus 14 is pressurized 
to a pressure higher than atmospheric pressure by a vapor 
pressure of the fuel tank 11 and is controlled to be about 
25 3 atm by the conductance control valve 26. 

Next, with reference to Fig. 2, description will be 

15 



given of a method for using the fuel cell system according 
to the first modification of the first embodiment of the 
present invention . 

First, while controlling a conductance by the 
conductance control valve 25, the variable conductance valve 
20 is opened. The liquid fuel is introduced into the 
vaporizer 12 through the pipes 30 , 31 and 31A by the saturated 
vapor pressure acting in the fuel tank 11, and becomes gas 
fuel. Next, the gas fuel is reformed to hydrogen rich gas 
in the reformer 13 . For example , in the case of using a mixed 
solution of dimethyl ether and water as the fuel, the reaction 
of * the equation (1) proceeds in the reformer 13, and thus, 
the hydrogen rich gas , in which some amount of CO is contained, 
is generated. Subsequently, the hydrogen rich gas generated 
in the reformer 13 is supplied to the CO gas removal apparatus 
14 via the pipe 33 at the exit side of the reformer 13. 

Next, in the CO gas removal apparatus 14, CO gas in the 
hydrogen rich gas is removed by use of the CO removal catalyst. 
In the CO gas removal apparatus 14, the reaction of the 
equation (2) may proceed by use of the shift catalyst 
containing such as Cu-Zn. Furthermore, the reaction of the 
equation (3) may proceed by use of the selective methanation 
catalyst containing such as Ru . Then, CO in the hydrogen rich 
gas can be reduced to 10 ppm or less. Subsequently, the 
hydrogen rich gas from which CO gas is reduced to 10 ppm or 

less is introduced into the pipe 34 and into the fuel electrode 
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15a via the pipe 34A while controlling the conductance by the 
conductance control valve 26. Points other than the above 
are similar to those of the method for using the fuel cell 
system 101 shown in Fig. 1, and thus, description will be 
5 omitted. 

As described above, the fuel cell system 102 shown in 
Fig. 2 can be utilized. In the fuel cell system 102 according 
to the first modification of the first embodiment of the 
present invention, the saturated vapor pressure of the fuel 

10 itself contained in the fuel tank 11 pushes the fuel to flow 
into the vaporizer 12. Thus, a pump to supply fuel can be 
omitted and, at the same time, the whole fuel cell' system 102 
can be miniaturized and simplified. Moreover, in the fuel 
cell system 102 shown in Fig. 2, the liquid fuel is vaporized 

15 by the vaporizer 12 and thereafter introduced into the 
reformer 13. Thus, the gas with a certain composition can 
be stably supplied to the reformer 13, and the fuel can be 
reformed to the hydrogen rich gas in a suitable condition. 
. Furthermore, the CO gas removal apparatus 14 is pressurized 

20 to about 3 atm, which is higher than atmospheric pressure, 
by a conductance control valve 34A. Thus, volumes of the 
reformer 13 and the CO gas removal apparatus 14 can be reduced. 
Furthermore, part of the gas containing vapor discharged from 
the air electrode 15c is suctioned by the pump 19 and supplied 

25 to the pipe 39 via the pipe 48 again, and water generated by 
the power generation reaction can be used for moisturizing 



the polymer film 15b. The rest of the gas which has not 
introduced to the pump 19 is introduced to the polymer film 
15b after being cooled and condensed to the water by the heat 
exchanger 17, and the moisture retention property of the 
5 polymer film 15b can be maintained in a suitable condition. 

(EXAMPLE OF THE FIST MODIFICATION) 

As shown in Fig . 3 , in the fuel cell system 102 according 
to an example of the first modification of the first 
embodiment of the present invention, the vaporizer 12 is 
located under a heat insulator 8A. The CO gas removal 
apparatus 14 is* located under the vaporizer 12, and the 
combustor 16 is located under the CO gas removal apparatus 
14. The reformer 13 is located under the combustor 16, and 
a heat insulator 8B is located under the reformer 13. 
According to the fuel cell system 102 shown in Fig. 3, the 
CO gas removal apparatus 14 in which an exothermic reaction 
proceeds is located under the vaporizer 12 in which an 
endothermic reaction proceeds, and the reformer 13 in which 
the endothermic reaction proceeds is located under the 
combustor 16 in which the exothermic reaction proceeds . Thus , 
thermal efficiency can be further improved. 

(SECOND MODIFICATION OF THE FIRST EMBODIMENT) 

25 As shown in Fig. 4, a fuel cell system 103 according 

to a second modification of the first embodiment of the 
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present invention further includes a variable conductance 
valve 53 coupled to an upstream side of the fuel tank 11 via 
a pipe 54, and a pressurized tank 51 coupled to an upstream 
side of the variable conductance valve 53 via a pipe 52. 
5 Points other than the above are approximately the same as 
those of the fuel cell system 101 shown in Fig. 1, and thus, 
detailed description thereof will be omitted. 

The fuel tank 11 contains a solution of methanol and 
water as a fuel. Ethanol can be used instead of methanol. 

10 Note that the saturated vapor pressure of these alcohols is 
lower than atmospheric pressure at room temperature. 
Consequently, pressure acting on the pressurized tank 51 
coupled to the upstream side of the fuel tank 11 pushes the 
liquid fuel out to the vaporizer 12. In the pressurized tank 

15 51, for example, nitrogen and the like gas can be filled. 

Next, with reference to Fig. 4, description will be 
given of a method for using the fuel cell system according 
to the second modification of the first embodiment of the 
present invention . 

20 First, the variable conductance valve 53 is opened, and 

gas filled in the pressurized tank 51 is supplied to the fuel 
tank 11 via the pipes 52 and 54. The fuel tank 11 is 
pressurized by the gas supplied from the pressurized tank 51. 
Next, the variable conductance valve 20 which can adjust 

25 conductance is opened, and fuel is supplied to the vaporizer 

12 by the pressure acting on the fuel tank 11. The method 

19 



after supplying the fuel to the vaporizer 12 is similar to 
that of the fuel cell system 101 shown in Fig. 1, and thus, 
description will be omitted. 

According to the fuel cell system 103 shown in Fig. 4, 
the pressure of the pressurized gas filled in the pressurized 
tank 51 pushes fuel in the fuel tank 11 to flow into the 
vaporizer 12. Thus, a pump to supply the fuel can be omitted, 
and, at the same time, the whole fuel cell system 103 can be 
miniaturized and simplified. Moreover, in the fuel cell 
system 103 shown in Fig. 4, the liquid fuel is vaporized by 
the vaporizer 12 and thereafter introduced into the reformer 
13. Thus, the gas with a certain composition can be stably 
supplied to the reformer 13, and the fuel can be reformed to 
the hydrogen rich gas in a suitable condition. Note that a 
semipermeable membrane is adopted as the CO gas removal 
apparatus 14 in Fig. 4. However, such a CO removal catalyst 
including a shift catalyst and a selective methanation 
catalyst as shown in Fig. 2 is also adoptable. 

(SECOND EMBODIMENT) 

As shown in Fig. 5, a fuel cell system 104 according 
to a second embodiment of the present invention includes a 
fuel tank 11 configured to store a fuel at a pressure higher 
than atmospheric pressure, a reformer 13 configured to reform 
the fuel to hydrogen rich gas, a water tank 60 configured to 
stores water to be supplied to the reformer 13 being coupled 
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to the fuel tank 11, a vaporizer 12 configured to vaporize 
the water in the water tank 60, a CO gas removal apparatus 
14 configured to remove CO gas in the hydrogen rich gas, a 
cell unit 15 configured to generate electricity by allowing 
5 the hydrogen rich gas to react with oxygen. 

In the fuel tank 11, liquid DME can be contained as the 
fuel . A saturated vapor pressure of DME at room temperature 
is about 6 atm. Thus, a saturated vapor pressure of about 
6 atm always may be maintained in the fuel tank 11 . The water 

10 tank 60 is separated into a first chamber 60A and a second 
chamber 60B, for example, by use of a movable partition 60C 
such as a piston and a diaphragm. A gas is filled in the first 
chamber 60A, and water is contained in the second chamber 60B. 
An upper part of the first chamber 60A is coupled to a variable 

15 conductance valve 61 via a pipe 56. Moreover, the pipe 56 
is coupled to a variable conductance valve 62 , which is freely 
released to the atmosphere, via a pipe 57. An upstream side 
of the variable conductance valve 61 is coupled to an upper 
part of the fuel tank 11 via a pipe 55. Meanwhile, a lower 

20 part of the second chamber 60B is coupled to a variable 
conductance valve 64 via a pipe 58 . . The variable conductance 
valve 64 is coupled to a third pump 65 via a pipe 67 . Moreover, 
the pipe 58 is coupled to a variable conductance valve 63 via 
a pipe 59. The variable conductance valve 63 is coupled to 

25 the vaporizer 12 via a pipe 59A and is coupled to the reformer 
13 via a pipe 32 coupled to a downstream of the vaporizer 12 



and a pipe 31 coupled to the pipe 32. Points other than the 
above are approximately the same as those of the fuel cell 
system 101 shown in Fig. 1, and thus , description thereof will 
be omitted. 

Next, with reference to Fig. 5, description will be 
given of a method for using the fuel cell system according 
to the second embodiment of the present invention. 

First, the variable conductance valve 20 which can 
adjust conductantance, variable conductance valves 62 and 64 
are closed, and the variable conductance valves 61 and 63 are 
opened. The fuel tank 11 contains the fuel (DME) which has 
a saturated vapor pressure higher than atmospheric pressure 
at room temperature. Thus, when the variable conductance 
valve 61 is opened, the saturated vapor pressure of the fuel, 
which acts in the fuel tank 11, acts on the first chamber 60A 
via the pipe 56 from the pipe 55. The partition 60C of the 
water tank 60 pressurizes from the first chamber 60A side to 
the second chamber 60B side. The water in the second chamber 
60B is introduced into the vaporizer 12 through the pipe 58, 
the variable conductance valve which can adjust conductance 
63 and the pipe 59. 

Next, in the vaporizer 12, the water introduced from 
the second chamber 60B is heated and vaporized . The vaporized 
water is introduced into the pipe 31 from the pipe 32 as water 
vapor. Subsequently, the variable conductance valve 20 
which can adjust conductance is opened in a state where the 
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variable conductance valve 63 which can adjust conductance 
is opened, the fuel in the fuel tank 11 are fed into the pipe 
31 while controlling the conductance, and the fuel is mixed 
with the water vapor. In this event, a mixture ratio of DME 
5 as the fuel to the water vapor is controlled by the variable 
conductance valves 20 and 63 so as to be a mole ratio of 1:4. 

Next, the fuels and the water vapor are introduced into 
the reformer 13 from the pipe 31. In the reformer 13, by 
proceeding the reaction of (1) by use of Cu-Zn catalysts, 
10 hydrogen rich gas is generated. Subsequently , the hydrogen 
rich gas in the reformer 13 is supplied to the CO gas removal 
apparatus 14 via the pipe 33. The method after the above is 
approximately the same as the method for using the fuel cell 
system shown in Fig. 1. Note that, in Fig. 5, when the water 
15 level in the second chamber 60B of the water tank 60 is low, 
the variable conductance valves 61 and 63 are closed and the 
variable conductance valve 62 is opened. Then, pressure in 
the first chamber 60A may be equal to atmospheric pressure. 
After that, the variable conductance valve 64 is opened and 
20 water stored in the cistern 9 is supplied to the second chamber 
60B from the pipe 66 via the pump 65 and the pipes 67 and 68. 
Finally, the variable conductance valves 62 and 64 are closed. 

As described above, the fuel cell system shown in Fig. 
5 can be utilized. In the fuel cell system 104 according to 
25 the second embodiment of the present invention, by the 
saturated vapor pressure of the fuel which acts in the fuel 
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tank 11, the fuel and the water in the second chamber 60B are 
actively introduced into the reformer 13. Thus, a pump 
required to supply the fuel can be omitted, and, at the same 
time, the whole fuel cell system 104 can be miniaturized and 
simplified. Moreover, the upstream side of the 

semipermeable membrane, that is, the CO gas removal apparatus 
14 is maintained at a pressure higher than atmospheric 
pressure by the backing pressure regulating valve 21. Thus, 
it may be possible to have a large hydrogen penetration speed 
per semipermeable membrane unit than in the case of processing 
hydrogen under atmospheric pressure and the volumes of the 
reformer 13 and the CO gas removal apparatus 14 can be reduced. 
Furthermore, water condensed at the heat exchanger 17 can be 
used for the reforming reaction, water prepared for the 
reforming reaction will be reduced. 

(FIRST MODIFICATION OF THE SECOND EMBODIMENT) 

As shown in Fig. 6 , in a fuel cell system 105 according 
to a first modification of the second embodiment of the 
present invention, an air tank 100 is coupled to an upstream 
side of the CO gas removal apparatus 14. The air tank 100 
is separated into a first chamber 100A and a second chamber 
100B by use of a partition 100C. For the partition 100C,a 
piston and a diaphragm can be used. The first chamber 100 
houses a gas and the second chamber 100B houses air therein. 
A pipe 102 is coupled to a side of a lower part of the second 
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chamber 100B. The pipe 102 is coupled to a variable 
conductance valve 111 at its downstream side and a pipe 102 
coupled to a pipe 33 is coupled to a downstream side of the 
variable conductance valve 111. A pipe 103 is coupled to the 
5 other side of the lower part of the second chamber 100B, which 
is opposite to the side coupled to the pipe 102. A variable 
conductance valve 112 is coupled to an upstream side of the 
pipe 103, and a fourth pump 105 is coupled to an upstream side 
of the variable conductance valve 12 via a pipe 104. The 

10 fourth pump 105 pumps air from the outside. A pipe 105 is 
coupled to an upper part of the first chamber 100A. The pipe 
105 branches off to be pipes 106 and 107. At a downstream 
side of the pipe 106, a variable conductance valve 113 
releasable to the atmosphere is located. An upstream side 

15 of the pipe 107 is coupled to a pipe 108 via a variable 
conductance valve 114. The pipe 108 is coupled to the upside 
of the fuel tank 11. Note that, in Fig. 6, CO gas removal 
catalyst such as the partial oxidation catalyst for removing 
CO gas in hydrogen rich gas by contacting with oxygen is housed 

20 in the CO gas removal apparatus 14. Between a pipe 34 coupled 
to an exit side of the CO gas removal apparatus 14 and a pipe 
34A coupled to an entry side of the fuel electrode 15a, a 
conductance control valve 26 is coupled. Points other than 
the above are approximately the same as those of the fuel cell 

25 system 104 shown in Fig. 5, and thus, description thereof will 
be omitted. 



Next, with reference to Fig. 6, description will be 
given of a method for using the fuel cell system according 
to the fifth embodiment of the present invention. 

First, the variable conductance valves 20, 62 to 64, 

112 and 113 are closed, and the variable conductance valves 

61, 63, 114 and 111 are opened. Accordingly, the fuel (DME) 

is actively supplied to the pipes 55 and 108 by the saturated 

vapor pressure of the fuel contained in the fuel tank 11 . The 

fuel supplied to the pipe 108 is supplied to the first chamber 

100A through the variable conductance valve 114 and the pipes 

107 and 105. The partition 100C is moved and pressurized to 

the second chamber 100B by the fuel pressure acting on the 

first chamber 100A. As a result, the air in the second chamber 

70B is pushed out to the pipe 102. Meanwhile, the fuel 

supplied to the pipe 55 is supplied to the first chamber 60A 

through the variable conductance valve 61 and the pipe 56. 

The partition 60C is pushed to the second chamber 60B side 

by the fuel pressure acting on the first chamber 60A. As a 

result, the water in the second chamber 60B is introduced into 

the vaporizer 12 through the pipes 58 and 59 and the variable 

conductance valve 63. The water introduced into the 

vaporizer 12 becomes water vapor and is introduced into the 

reformer 13 through the pipes 32 and 31. Subsequently, the 

variable conductance valves 63 and 20 are opened, the fuel 

in the fuel tank 11 is supplied to the pipe 31 while controlling 

the conductance, and the fuel is mixed with the water vapor. 
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In this event, a mixture ratio of DME as the fuel to the water 
vapor is controlled by the variable conductance valves 20 and 
63 so as to be a mole ratio of 1:4. Next, the fuel and the 
water vapor are introduced into the reformer 13 from the pipe 
5 31. In the reformer 13, by proceeding the reaction of the 
equation (1) by use of Cu-Zn catalyst, hydrogen rich gas, in 
which some amount of CO is contained, is generated. 
Subsequently, the hydrogen rich gas obtained in the reformer 
13 is supplied to the pipe 33. The hydrogen rich gas supplied 

10 from the reformer 13 and the air are mixed and supplied to 
the CO gas removal apparatus 14 . Note that, in order to return 
the partition 100C pushed to the second chamber side to its 
initial position, the air may be supplied from the fourth pump 
115 into the second chamber 100B in the state where the 

15 variable conductance valves 111 and 114 are closed and the 
variable conductance valves 112 and 113 are opened. The CO 
gas removal apparatus 14 houses a partial combustion catalyst 
to oxidize CO to C0 2 . The method after the above is 
approximately the same as the method for using the fuel cell 

20 system 104 shown in Fig. 5. 

As described above, the fuel cell system shown in Fig. 
6 can be utilized. In the fuel cell system 105 according to 
the first modification of the second embodiment of the present 
invention, the air required for performing CO oxidation 

25 utilizing the partial combustion catalyst in the CO gas 
removal apparatus 14 can be supplied to the pressurized area 



without using a pump, and thus, no noise is generated. 
Moreover, the whole fuel cell system 105 can be miniaturized 
and simplified. 



5 (SECOND MODIFICATION OF THE SECOND ENBODIMENT) 

As shown in Fig. 7, a fuel cell system 106 according 
to a second modification of the second embodiment of the 
present invention further includes a variable conductance 
valve 53 coupled to an upstream side of the fuel tank 11 via 

10 a pipe 54, and a pressurized tank 51 coupled to an upstream 
side of the variable conductance valve 53 via a pipe 52 . A 
pipe 55 is coupled to the pipe 52 . Points other than the above 
are approximately the same as those of the fuel cell system 
104 shown in Fig. 5. 

15 in the fuel tank 11, methanol is contained as the fuel. 

Ethanol may be used instead of methanol. A saturated vapor 
pressure of these alcohols is lower than atmospheric pressure 
at room temperature. Consequently, pressure acting on the 
pressurized tank 51 coupled to the upstream side of the fuel 

20 tank 11 pushes out the fuel toward the vaporizer 12A. In the 
pressurized tank 51 , for example , nitrogen gas can be filled . 

According to the fuel cell system 106 shown in Fig. 7, 
the pressure of the pressurized gas filled in the pressurized 
tank 51 pushes the fuel housed in the fuel tank 11 to flow 

25 into the vaporizer 12. Thus, a pump required to supply the 
fuel can be omitted, and, at the same time, the whole fuel 



cell system 106 can be miniaturized and simplified.- 

(THIRD MODIFICATION OF THE SECOND EMBODIMENT) 

As shown in Fig. 8, the fuel cell system 107 according 
to the third modification of the second embodiment of the 
present invention, a first oxygen supply unit 80 is located 
in place of the first pump 18 shown in Fig. 5, and a second 
oxygen supply unit 70 is located in place of the second pump 
19 . 

The first oxygen supply unit 80 is separated into a first 
chamber 80A and a second chamber 80B by use of a movable 
partition 80C such as a piston and a diaphragm. Ah elastic 
member 80b coupled to a bottom of the second chamber 80B and 
the partition 80C is located inside of the second chamber 80B. 
As the elastic member 80b, for example, a spring or the like 
can be used. A pipe 79A is coupled to an upper part of the 
first chamber 80A, and a variable conductance valve 75 is 
coupled to an upstream side of the pipe 79A. The variable 
conductance valve 75 is coupled to a pipe 34B interposed 
between the CO gas removal apparatus 14 and the cell unit 15. 
The pipe 34B is coupled to a variable conductance valve 76A 
at its upstream side and is coupled to the CO gas removal 
apparatus 14 via a pipe 34 . A variable conductance valve 76B 
is coupled to a downstream side of the pipe 34B and is coupled 
to the fuel electrode 15a via a pipe 34C coupled to the variable 
conductance valve 76B. 
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The second oxygen supply unit 70 is separated into a 
first chamber 70A and a second chamber 70B by use of a movable 
partition 70C such as a piston and a diaphragm. Inside of 
the second chamber 70B, an elastic member 70b coupled to the 
5 second chamber 70B and the partition 70C, such as a spring, 
is located. A pipe 77 is coupled to an upper part of the first 
chamber 70A, and is coupled to a variable conductance valve 
74 coupled to an upstream side of the pipe 77. The variable 
conductance valve 74 is coupled to a pipe 79 via a pipe 78. 

10 A pipe 47 coupled to a variable conductance valve 71 is coupled 
to a side of the second chamber 70B. The variable conductance 
valve 71 is coupled* to a conductance control valve 24 via the 
pipe 47A. At a side opposite to the side where the variable 
conductance valve 71 is located, a variable conductance valve 

15 72 is located via a pipe 48A. The variable conductance valve 
72 is coupled to a pipe 39 via a pipe 48. 

Next, with reference to Fig. 8, description will be 
given of a method for using the fuel cell system 107 according 
to the modification 3 of the second embodiment of the present 

20 invention. Note that the procedures up to supplying of fuel 
from the CO gas removal apparatus 14 to the pipe 34 are similar 
to those of the fuel cell system 104 shown in Fig. 5, and thus, 
description thereof will be omitted. 

The variable conductance valves 71, 72, 76B, 81 and 82 

25 are closed, and the variable conductance valves 74, 75 and 

76A are opened. Accordingly, by a saturated vapor pressure 
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of fuel (DME) in the fuel tank 11 , hydrogen rich gas is actively 

supplied to the pipe 34, the variable conductance valve 76A 

and the pipes 34B and 79. The hydrogen rich gas supplied to 

the first chamber 70A from the pipe 79 through the variable 

conductance valve 74 and the pipe 77 pushes the partition 70C 

toward the second chamber 70B. As a result, the gas contained 

in the second chamber 70B is supplied to the pipes 47A and 

48A. Meanwhile, the hydrogen rich gas from the pipe 79 

through the variable conductance valve 75 and the pipe 79A 

is supplied to the first chamber 80A. As a result, the 

partition 80C is pushed toward the second chamber 80B side, 

and thus, the air in the second chamber 80B is supplied to 

the pipes 42A and 83. Next, the variable conductance valve 

75 is closed, and the variable conductance valve 76B is opened. 

The hydrogen rich gas is supplied to the fuel electrode 15a 

through the pipe 34, the variable conductance valve 76A, and 

the pipes 34B, 76B and 34C. Subsequently, the variable 

conductance valve 81 is opened. The air supplied to the pipe 

42 is supplied to the air electrode 15c through the variable 

conductance valve 81, the pipe 42, the heat exchanger 17, and 

the pipes 41, 40 and 39. In this event, by closing the 

variable conductance valve 74 and opening the variable 

conductance valve 72, the gas supplied to the pipe 48A is 

supplied to the air electrode 15c via the pipes 48 and 39. 

Points other than the above are similar to those of the fuel 

cell system 104 shown in Fig. 5. 
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According to the fuel cell system 107 shown in Fig. 8, 
fuel and oxygen can be supplied without using a liquid feeding 
pump or an air pump, and thus, no noise is generated and the 
device can be also miniaturized and simplified. 

(FIRST EXAMPLE OF THE THIRD MODIFICATION) 

As shown in Fig. 9 , in a fuel cell system according to 
a first example of the third modification of the second 
embodiment of the present invention, a heat pipe 90 is 
interposed between the first oxygen supply unit 80 and the 
cell unit 15. Other points are approximately the same as 
those of the constitution shown in Fig. 8, and thus, detailed 
description will be omitted . As the heat pipe 90 , for example , 
a tube made of metal such as copper, iron and stainless steel 
can be used. Inside of the heat pipe 90, a wick is formed 
and an operation fluid can be enclosed in the wick . According 
to the fuel cell system 107 shown in Fig. 9, heat generated 
in the cell unit 15 is transferred to the oxygen supply unit 
80A via the heat pipe 90. Thus, temperature fall occurred 
in the first chamber 80 by expanding the gas is prevented. 
Furthermore, pressure of the air acting from the second 
chamber 80B can be maintained at higher level. 

(SECOND EXAMPLE OF THE THIRD MODIFICATION) 

As shown in Fig. 10,' in a fuel cell system according 
to a second example of the third modification of the second 
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embodiment of the present invention, a fluid cylinder 91 is 
located at an upstream side of the first chamber 80A. Other 
points are approximately the same as those of the constitution 
shown in Fig. 8, and thus, detailed description will be 
omitted. The fluid cylinder 91 is separated into a first 
chamber 91A and a second chamber 91B by use of a movable 
partition 91C(a second partition) such as a piston and a 
diaphragm. Between the partition 91C and the partition 80C, 
a piston rod 91b is interposed. An upper part of the first 
chamber 91A is coupled to the pipe 79. As shown in Fig. 10, 
a volume of the fluid cylinder 91 is smaller than that of the 
'first oxygen supply unit 80. Thus, for example, when it is 
assumed that a surface area of the partition 91C is 0.25 cm 
and a surface area of the partition 80C is 25 cm 2 , an amount 
of air pushed out by the partition 80C is about 100 times as 
much as an amount of air pushed out by the partition 91C . Note 
that a pressure of the air supplied from the second chamber 
80B is about 0.01 kgf /cm 2 . Thus, even if the fuel is expanded 
by about 100 times, the fuel can be supplied. 

(THIRD EXAMPLE OF THE THIRD MODIFICATION) 

As shown in Fig. 11, a fuel cell system according to 

a third example of the third modification of the second 

embodiment of the present invention further includes a first 

buffer tank 92A coupled to an upstream side of the fuel 

electrode 15a, and a second buffer tank 92B coupled to a 
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downstream side of the second chamber 80B. Other points 
except for the first buffer tank 92A and the second buffer 
tank 92B are approximately the same as those of the 
constitution shown in Fig. 8, and thus, detailed description 
will be omitted. An upstream side of the first buffer tank 
92A is coupled to the variable conductance valve 76B via the 
pipe 34C and a downstream side thereof is coupled to a 
conductance control valve 93 via a pipe 34D. The conductance 
control valve 93 is coupled to the cell unit 15a via a pipe 
34E. Meanwhile, an upstream side of the buffer tank 92B is 
coupled to the variable conductance valve 81 via the pipe 42B 
and a downstream side thereof is coupled to* a conductance 
control valve 94 via a pipe 42C. A pipe 42 is coupled to a 
downstream side of the conductance control valve 94. 
According to the fuel cell system shown in Fig. 11, 
fluctuations in a conductance of supplied gas due to driving 
of a fluid pressure cylinder can be reduced by the first and 
second buffer tank 92A and 92B and the conductance control 
valves 93 and 94 coupled to an downstream side of the first 
and second buffuer tank 92A and 92B. Thus, fuel and air can 
be stably supplied to the cell unit 15. Note that, as shown 
in Fig. 12, by use of check valves 95A and 95B in place of 
the variable conductance valves 81 and 82, a similar effect 
can be obtained. 

Various modifications will become possible for those 

skilled in the art after receiving the teachings of the 
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present disclosure without departing form the scope thereof. 
For example, as shown in Fig. 13, by adopting the first oxygen 
supply unit 80 and the second oxygen supply unit 70 shown in 
Figs. 9 to 12 as the pump shown in Fig. 1, a fuel cell system 
reguiring no pump or compressor can be provided. Furthermore, 
the gas introduced to the first and second oxygen supply units 
80 and 70 shown in Fig. 9 to Fig. 12, pressurized fuel such as 
DME can be useful instead of the reformed hydrogen rich gas. 
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